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DEVELOPMENT OF A POLYCOMPONENT FAT EMULSION AND STUDY OF ITS
PHYSICOCHEMICAL PROPERTIES

Summary: This article focuses on the development of a polycomponent fat emulsion and the
investigation of its physicochemical properties. The emulsion exhibited a moderately acidic pH of 5.64 + 0.12,
indicating suitability for food applications and consistent structural stability. The structured lipid matrix, formed
by rice bran wax and stabilized with chickpea flour, maintained emulsion integrity during storage at 4 °C. Water
activity (aw) was measured at 0.947, reflecting a relatively high level of free moisture typical of oil-in-water food
emulsions, emphasizing the need for proper storage conditions to ensure microbiological stability. Rheological
analysis revealed shear-thinning behavior, with apparent viscosity decreasing from 83.43 to 29.60 mPa-s as
rotational speed increased, demonstrating progressive disruption of internal interactions under stress. Color
and oil binding capacity measurements confirmed a visually uniform and stable system. Overall, the emulsion
combines improved lipid composition with desirable technological properties and has potential as a structured
fat system or partial animal fat replacer in various food products. Further studies will investigate the possibility
of using this emulsion as a partial animal fat replacer in cooked sausage products.

Key words: polycomponent emulsion; safflower oil; horse fat; rice bran wax; chickpea flour;
polyunsaturated fatty acids; fat replacer.

1 Introduction

Meat and dairy products are widely consumed worldwide due to their palatability,
convenience, and affordability. However, these food categories are typically characterized by a high
content of saturated fatty acids, excessive intake of which has been associated with an increased
risk of cardiovascular diseases, obesity, hypercholesterolemia, and hypertension [1, 2].

A promising strategy to mitigate these health concerns involves the partial or complete
replacement of saturated fats with plant-based oils and lipids. Similar to conventional animal fats,
vegetables oils contribute significantly to the sensory attributes of food products by influencing color,
flavor development during thermal processing, and overall taste. They also enhance mouthfeel and
promote satiety [3].

Compared with protein or carbohydrate based fat substitutes, which often fail to fully replicate
the functional and sensory properties of fats, plant oils represent a more technologically suitable and
organoleptically acceptable alternative [4].

Moreover, plant oils possess a more favorable fatty acid profile, being rich in unsaturated
fatty acids, including monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids
(PUFASs). These fatty acids have been linked to reduced low-density lipoprotein cholesterol levels
and decreased inflammatory responses associated with cardiovascular diseases [5].

Animal fats play a crucial technological, sensory, and nutritional role in food products. They
contribute significantly to texture, flavor intensity, and juiciness, thereby enhancing overall product
quality [6].

However, saturated fats are energy-dense components and are recognized as a major
contributor to elevated plasma cholesterol levels, which are associated with an increased risk of
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cardiovascular diseases. These conditions pose a significant health threat, particularly for individuals
with coronary artery disorders [7].

Amid growing concerns regarding environmental sustainability, animal welfare, and the
potential for allergic reactions, the incorporation of alternative plant-based ingredients into food
formulations has gained increasing attention and popularity [8].

2 Materials and methods

The study materials included safflower oil and horse abdominal fat as sources rich in
polyunsaturated fatty acids, while rice bran wax was used as a structuring agent, and chickpea flour
and water served as stabilizing components. Rice bran wax (RBW) was supplied by a certified food-
grade manufacturer, while the remaining ingredients were purchased from a local market. The
experiments were conducted in the research laboratory of S.Seifullin Kazakh Agrotechnical
Research University. The prepared samples were stored at 4 °C for 24 hours prior to analysis.

The oil content in safflower seeds ranged from 23.08% to 36.51%. Linoleic acid was identified
as the predominant fatty acid in safflower oil, accounting for 55.1-77.0% of the total fatty acid
composition, with an average value of 70.66% [9].

Horse fat also contains significant polyunsaturated fatty acids (PUFAS), particularly linoleic
acid (18:2n-6) and alpha-linolenic acid (18:3n-3), the levels of which may vary depending on the
animal’s diet and breed [10].

Chickpea flour was incorporated as a natural emulsifier due to its content of proteins and
phospholipids. These components absorb at the oil-water interface, forming a protective layer around
lipid droplets and thereby preventing phase separation of the emulsion. In addition, chickpea flour
contributes to structural stabilization and enhances fat-binding capacity, which is particularly
important in systems with a high proportion of animal fat [11].

Rice bran wax (RBW), a by-product of rice milling, is a sustainable, low-cost, and natural
gelator composed primarily of long-chain saturated fatty alcohols and esters. Several studies have
shown the successful use of rice wax to structure oils such as soy, sunflower, and corn, improving
their oxidative stability, mechanical strength, and suitability for use in baked goods, spreads, and
meat substitutes [12].

2.1 Emulsion Preparation

The emulsions were prepared using safflower oil and horse abdominal fat structured with rice
bran wax (RBW), chickpea flour, and water. The optimal formulation was determined using a
mathematical model developed in Minitab 19 software. The visual appearance and structural
differences of the emulsions are presented in Figure 1.

\L

Figure 1 — The visual appearance and structural differences of the emulsions

First, horse abdominal fat was melted in a thermostat at 60°C for 30 minutes. Subsequently,
rice bran wax, previously melted in a water bath at 75°C for 10 minutes, was blended with safflower
oil and added to the melted fat phase. Chickpea flour was dispersed in water and allowed to hydrate
for 15 minutes. All components were then combined and homogenized for 15 minutes. The resulting
mixture was cooled at room temperature for 30 minutes, followed by storage at 4 °C for 24 hours to
allow gel formation. The emulsions were stored in airtight containers to prevent oxidation prior to
analysis. All analytical measurements were performed in triplicate for each batch, and the results are
presented as mean values + standard deviation. The visual appearance and structural differences
of the emulsions presented in Figure 2.
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Figure 2 — The rheological indicators of the emulsion

2.2 Texture analysis

The texture profile attributes of the emulsions, firmness and spreadability, were analyzed by
a Texture AnalyzerTX-700 (France). Such parameters are crucial to mimic the sensory and
mechanical responses of the gels during their manipulation and food processing. For all tests,
emulsion samples were prepared using cylindrical molds and equilibrated at room temperature
(25°C) for a minimum of 1 h before testing [13]. A cylindrical stainless steel (6 mm diameter) probe
was inserted into the gel surface at 1 mm/s to a set depth of 10 mm. The penetrating force was
reported as firmness (N), and the spreadability was estimated from the area under the curve or lower
resistance during penetration. All results were obtained in triplicate, and values represent mean *
SD. This approach is a model of application in which emulsions are spread or cut and mimics normal
texture profile analysis setup used in lipid structuring research.

2.3 Determination of pH acidity

The acidity (pH) of meat was determined by the potentiometer method. To obtain information,
the pH tester METTLER TOLEDO (Switzerland) portable conductometer S3 Standard Kit was used.
Before analysis, the pH tester is calibrated using a special standard solution mixed with distilled
water with PH 4.0 and 7.0. This was done simply by immersing two electrodes in the solution and
taking a pointer. The sample was made 3 times, and then the average indicator of the samples was
calculated.

2.4 Emulsion Colour

The colour of the emulsions was assessed using a Chroma Meter CR-400 (Konica Minolta,
Inc., Tokyo, Japan). The results were express in accordance with the CIELAB system with reference
to illuminate D65 and a visual angle of 10- . The parameters determined were L* (L* = 0 (black) and
L* =100 (white)), a* (—a* = greenness and +a* = redness), b* (—b* = blueness and +b* = yellowness).
The samples were poured into a granular-materials attachment CR-A50 (Konica Minolta, Inc., Tokyo,
Japan) and measured in triplicate.

2.5 Oil Binding Capacity (OBC)

Oil binding capacity (OBC) was measured to evaluate the ability of the oleogel network to
retain oil under centrifugal force. Approximately 5 g of each oleogel sample was centrifuged at 4000
rpm for 20 min at 25°C. The released oil was decanted and weighed, and OBC was calculated as
the percentage of oil retained within the gel matrix. Increased RBW content resulted in a more
cohesive crystalline network and higher OBC.

The Oil Binding Capacity was calculated using the formula:

opc = Wi—Wo
w1

Where Wi: initial sample weight, Wo: weight of separated oil.

Analyses were performed in triplicate and the means were calculated. This procedure is a
modification of the methods published, ensuring consistency with prior research.

2.6 The water activity (aw)

The water activity (aw) of the developed emulsion was determined using an AQUALAB 4TE
water activity analyzer. Prior to analysis, the instrument was calibrated using standard salt solutions
according to the manufacturer's instructions. Approximately 2 g of the emulsion sample was placed
into a measurement cup and inserted into the instrument chamber.
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Measurements were carried out at a constant temperature of 25°C. The instrument sensor
measures the equilibrium vapor pressure of water above the sample and automatically calculates
the water activity value.

All measurements were performed in triplicate, and the results were expressed as mean
value * standard deviation.

3 Results and Discussion

The rheological properties of the emulsion were evaluated using a structurometer under
controlled rotational speeds of 5, 10, and 20 rpm. Apparent viscosity (mPa-s) and torque (%) were
recorded for each measurement. All analyses were performed at constant temperature
conditions.The rheological indicators of the emulsion presented in Figure 2.

The apparent viscosity of the emulsion decreased from 83.43 to 29.60 mPa-s as the rotational
speed increased from 5 to 20 rpm, indicating a shear-thinning behavior. Such rheological
characteristics are typical for structured emulsion systems where internal interactions between
dispersed droplets weaken under shear stress.

The torque value at 20 rpm (10,5%) was within the recommended measurement range,
ensuring the reliability of the obtained data. Lower rotational speeds resulted in borderline torque
values, which were considered for trend analysis only. Pang, M. et al. studied the rheological
properties of the emulsion developed by the authors as a fat substitute in the manufacture of food
products [14, 15].

The studied emulsion exhibited pseudoplastic flow behavior, combining structural stability at
rest with improved flowability under processing conditions.

The pH indicators of the emulsion presented in Figure 3.
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Figure 3 — pH indicators of the emulsion

The pH value of the emulsion was determined in triplicate. The mean pH was 5.64 £ 0.12 at
26.1°C, indicating slight acidity and stability of the emulsion system. Zhang H et al. studied the
purpose of this study was to investigate the influence of pH on properties and stability of oil-in-water
emulsions using pectin as an emulsifier and zein as an auxiliary emulsifier [16]. The color parameters
of the emulsion presented in Figure 4.
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Figure 4 — The color parameters of the emulsion

The color parameters of the emulsion were determined using a colorimetric method. The
color characteristics were evaluated in the CIELab color space (L*, a*, b*), and the differences were
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expressed as AL, Aa, Ab and the total color difference AE. The sample was measured three times
during the study.

According to the obtained results, during the first measurement the following values were
recorded: AL = -6.33, Aa = -2.17 and Ab =+6.07. The negative value of AL indicates a decrease in
lightness, meaning that the emulsion appeared darker compared to the reference. The negative Aa
value indicates a slight shift of the color toward the green region. Meanwhile, the positive Ab value
indicates the predominance of a yellow hue in the emulsion. In this measurement, the total color
difference was AE = 9.03, which indicates a noticeable color change in the sample.

During the second measurement, the values AL = +3.14, Aa = -3.65 and Ab = +2.82 were
obtained. The positive AL value indicates an increase in the lightness of the emulsion. At the same
time, the negative Aa value suggests the presence or strengthening of a greenish tone. Although the
Ab value remained positive, its magnitude decreased compared to the first measurement, indicating
a reduction in the yellow hue. The total color difference in this case was AE =5.58, which is lower
than in the first measurement and indicates a reduced level of color variation.

The third measurement showed the following results: AL = -2.81, Aa =-1.79 and Ab =+3.77.
In this case, the lightness of the emulsion slightly decreased again, although the change was not
significant. The Aa parameter indicates a weak shift toward the green region, while the positive Ab
value shows that the yellow hue remained present in the emulsion. The overall colour difference was
AE =5.03.

Overall, the obtained results demonstrate that although some variations in colour parameters
were observed between measurements, the decrease in AE values indicates a relative stabilization
of the colour characteristics. This behavior may be associated with a more uniform distribution of
components within the emulsion system and formation of a more stable structure. R. Chanamai et
al. studied the effect of droplet characteristics on the transmission of light through diluted
monodisperse oil-water emulsions in the presence and absence of a dye [17].

The structural stability of the emulsion was evaluated using the centrifugation method. The
initial mass of the emulsion sample was 2.86 g and after centrifugation 0.51 g of liquid phase was
separated.

The calculated structural stability of the emulsion was 82.2%. This result indicated that the
emulsion system possesses relatively good structural stability and that the dispersed phase droplets
are sufficiently stabilized within the system. Wijarnprecha K. et al. studied the Structural and
rheological properties of oleogels consisting of 0.5-25wt % rice bran wax (RBX) in rice bran oil
(RBO) were explored [18].

According to the literature data, the water activity of food emulsions typically ranges from
0.90 to 0.95. For example, a study published in Food Chemistry reported aw values of 0.904 for
butter, 0.914 for margarine, and 0.947 for mayonnaise emulsions [19]. The water activity obtained
in the present study (aw=0.947) is consistent with these literature values and indicates a relatively
high level of free water within the emulsion system. The water activity of the emulsion presented in

Figure 5.
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Figure 5 — The water activity of the emulsion
Conclusion

The developed emulsion demonstrated satisfactory physicochemical properties. The pH
value (5.64 £ 0.12) indicates a moderately acidic environment suitable for food applications and
consistent system stability. The structured lipid matrix formed by rice bran wax and stabilized by
chickpea proteins contributed to maintaining emulsion integrity during storage at 4°C.

Rheological analysis confirmed that the system exhibits shear-thinning (pseudoplastic)
behavior, with apparent viscosity decreasing from 83.43 to 29.60 mPa-s as rotational speed
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increased from 5 to 20 rpm. This behavior reflects the progressive disruption of internal structural
interactions under shear stress. The torque value at 20 rpm (10.5%) fell within the recommended
measurement range, supporting the reliability of the obtained data.

The water activity (aw) of the developed emulsion was 0.947, indicating the presence of a
relatively high level of free moisture in the system. Such values are typical for oil-in-water food
emulsions and suggest that proper storage conditions, such as refrigeration and appropriate
packaging, are necessary to ensure microbiological stability.

The emulsion colour parameters indicated a uniform and stable appearance of the system,
which is an important quality attribute for consumer acceptance and product standardization. The
presence of safflower oil and structured lipid components contributed to the formation of a visually
homogeneous emulsion matrix.

In addition, the oil binding capacity (OBC) analysis demonstrated the ability of the structured
lipid system to effectively retain oil within the matrix. This property is associated with the network
formed by rice bran wax and the stabilizing action of chickpea proteins, which prevent oil separation
and enhance structural stability.

Overall, the studied emulsion combines improved lipid composition with desirable
technological performance. It demonstrates structural stability at rest, adequate acidity parameters,
and favorable rheological characteristics for processing. These properties suggest its potential
application as a structured fat system or partial animal fat replacer in food products.
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PA3PABOTKA NOJIMKOMMNOHEHTHOM XXUPOBOW 3MYJIbCUU U UCCNEQOBAHUE EE
DPU3NKO-XUMUYECKNX CBOUCTB

B daHHOU cmambe paccMmampueaemcsi paspabomka rnonuKOMINOHEHMHOU Xupogol amynbcuu U
uccrniedogaHue eé huU3UKO-XUMUYECKUX ceolicme. OMynbcusi umerna ymepeHHo Kucnbll pH 5,64 + 0,12, ymo
ceudemernbcmeyem O rpu2oOHocmu Orns NuWeeo20 [MPUMEHEHUSI U cmaburbHOU CcmpyKmypHoOU
uenocmHocmu. CmpykmypupogaHHas nunudHas mMampuya, cghopmMuposaHHasi U3 pPuco8o20 80cCKa U
cmabunusupogaHHasi besikaMu Hyma, CcOXpaHsiaia UefiocCmHOCMb 3Myrnbcuu npu xpaHeHuu rnpu 4 °C.
AxkmueHocmb 800bI (aw) cocmasuna 0,947, ompaxkasi OmHOCUMESIbHO 8bICOKUL ypo8eHb C80BOOHOU 8nazu,
munuyHbIt O nuwesbix 3aMyrbculi Macsio-8-800e, 4mo mpebyem cobirodeHusi npasusibHbIX ycrosul
XpaHeHusi 0nsi obecrieyeHusi Mukpobuoroauyeckol cmabunbHocmu. Peonosuveckull aHanus3 rokasar
ricegdonnacmu4yeckoe nogedeHuUe: Kaxyuwasics es3Kocmb yMeHbwanacb ¢ 83,43 0o 29,60wmlla-c npu
ygerfiuyeHUU  CKopocmu  epaujeHusi, O0eMOHCmpUpysi  [OCMENeHHOe  paspyuweHUe  B8HYMPEHHUX
e3aumodeticmeutli nod delicmeuem Haspy3ku. Lleem u crnocobHocms ydepxxueampb Macrio rnodmeepdunu
00HOpodHOCMb U cmabunbHocmb cucmeMbl. B uenom, smynbcus codemaem yrydHuweHHbIU nunulHbIl
cocmae C KenameflbHbIMU — MEeXHO/I02UYeCcKUMU ceolicmeamMu U  MOXem  UCMo/b308ambCsa  Kak
CMPyKMypupo8aHHasi Xuposasi cucmema Usnu YyacmuyHasi 3aMeHa XXUBOMHO20 Xupa 8 pas3UuyHbIX NUUEsbIX
npodykmax. B danbHeliwem nnaHupyemcsi uccrnedogamb 803MOXHOCMb MPUMEHEeHUs1 OaHHOU 3Mysbcuu 8
Kayecmee Yacmu4yHO20 3aMeHUMESIS KUBOMHO20 Xupa 8 8apéHbIX KobacHbIX U3desnusix.

Knroyeenie crioga: rnosiuKkoOMNOHEeHMHasi 3MyJsibCuUs; caghriopo8oe Macsio; XUp KOHUHbI; B0CK pUCOBbLIX
ompybel; Hymoegasi MyKa, rnoslUHEHAChIU,EHHbIE XUPHbIE KUCIOMbI; 3aMeHUMesib Xxupa.
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NMONTMKOMMOHEHTTI MAX 3MYJIbCUACHIH 83IPNEY XXOHE OHbIH ®U3UKA-XUMUATbIK
KACUETTEPIH 3EPTTEY

byn makanada nonukKoMrnoHeHmMmi Mal 3MyrbCUSICbIH 83ipriey XoOHe OHbIH (bu3uKa-XUMUsbIK
KacuemmepiH 3epmmey Kapacmbipbinadbl. OMynbcusiHbiH pH maHi 5,64 1 0,12 6onbin, maramObik KorndaHyra
Konalinbl eHe mypakmbl KypblibiMObIK KacuemmepiH kepcemedi. Kypiw 6anaybi3bl MEH HOKam YHbIHbIH
ocCepiHeH mya3inaeH KypbinbiMObIK nunudmik mampuua 4 °C memnepamypada cakmay Ke3iH0e 3MyribCcusi
mymacmbifbiH  cakmaodbl. Cy 6enceHdiniai (aw) 0,947 6onbin, Mal-cydafbl 3aMynbcusinapra MmoH
carnbicmbipMarbl Xofapbl epKiH biniran 0eHeeliH Kkepcemmi, 6y MUKpObuonoaussbiK mypakKmbinbiK YWiH
Odypbic cakmay xardaliniapbiH manan emedi. Peonozusinbik manday nceedonnacmukarbiK aFbIHObIK Kacuem
KepcememiHi aHbiKmarnobl: mymkblpriblK 83,43-meH 29,60 mlla-c deliiH memeHOeOi, byn iWKi KypbiribiMObIK
batinaHbicmapObiH KepHEeY acepiHeH y3inyiH kepcemedi. OMynbCcusiHbIH Myc napamempriepi MeH mad ycmarn
Kany kKabinemi 6ipkesnkinik neH muimoinikmi pacmaodsl. Xannbi, aMynbCuUs XaKcapmbliFaH nunudmik Kypam
MeH mexHonoausnbik muimdi kacuemmepOi Gipikmipin, spmypsii maram eHiMOepiHOe KypblibiMObIK Mal
Hemece xaHyap MalbIHbiH Xapmblaal anmMacmbeipywbicbl pemiHde KondaHyra MyMkiHOIk 6epedi. Andarbl
3epmmeynepde Oyn  AMynbCUSIHbIH  MICIpiNeeH WYXblK ©HiMOepiHOe xaHyap MalbiHbIH iwiHapa
anMacmasipfsbiwbl pemiHde KondaHbly MymkiHOi2i 3epmmenedi.

TyliiH ce30ep: rnoNUKOMIOHEHMMI 3My/bCUs; Makcapbl Malbl; XbiKbl Malbl; Kypiw 6anaybi3bl;
HOKam YHbI; nonuKaHbiKnaraH Mal KblWKbl1dapbl; Mal anmMacmbiprbiu.
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INVESTIGATION THE TECHNOLOGICAL PARAMETERS OF THE FERMENTATION PROCESS
OF A COMBINED DAIRY MIXTURE USING BUTTERMILK CONCENTRATE

Abstract: The article presents the results of a study on the technological parameters of the fermentation
process of a combined dairy mixture using buttermilk concentrate. The relevance of the research is determined
by the growing interest in the utilization of secondary dairy resources with high nutritional and biological value,
as well as by the need to develop scientifically grounded technologies to produce functional fermented dairy
products. The aim of the study was to evaluate the effectiveness of various starter cultures under different
fermentation temperature regimes of a combined dairy mixture. The object of the study was a dairy mixture
consisting of skimmed cow’s milk, goat’s milk, and buttermilk. The influence of starter culture composition and
fermentation temperature on physicochemical parameters, acidification dynamics, and curd structure
formation was investigated. It was established that the combination of mesophilic and thermophilic lactic acid
microorganisms significantly affects fermentation intensity, titratable acidity, and structural stability of the
product. The results demonstrated that an optimal fermentation temperature promotes the formation of a
homogeneous curd with improved physicochemical and sensory characteristics, whereas deviations from
optimal conditions lead to structural defects and deterioration of product quality. The results obtained confirm
the feasibility of a comprehensive selection of starter cultures and fermentation temperature regimes in the
production of fermented dairy products based on combined dairy mixtures using buttermilk concentrate.

Key words: combined dairy mixture; buttermilk concentrate; fermentation; physicochemical properties;
fermentation temperature; acidification dynamics.
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